Arid regions are home to unique fauna, flora, and vulnerable human populations, and present a challenge for sustainable land-use management. We undertook an assessment and valuation of three key services, grazing, tourism and water supply in the arid Succulent Karoo biome in western South Africa -a globally recognised biodiversity hotspot. We were looking for ways and values that could be used to promote conservation in this region through the adoption of sustainable land-use practices which have human welfare benefits. Our study adopted a variety of methods in valuing these services in developing ranges of values for these services. At the biome level, total annual values ranged from $ 19e114 million for grazing, $ 2e$ 20 million for tourism, and $ 300e3120 million for water. These values are generally low compared with values derived for other biomes and regions and do not adequately reflect known dependence and the importance of ecosystem services to the residents of this biome. The ecosystems here provide small but critical benefits enabling communities to sustain themselves and small changes in service levels can have major welfare effects. Highlighting these sensitivities will require finding more appropriate ways to link ecological and social factors.
Introduction
Ecosystem service assessment has become an important tool in the development of sustainable land-use practices and natural resource management with an increasing number of decision makers requesting such assessments. Valuation has developed as one of the cornerstones of this rapidly growing research area. The ability to summarise and express complex ecological interactions in a single common currency is very appealing. This enables the explicit evaluation of tradeoffs between different services and between services and other forms of capital (e.g. manufactured capital), and greater ease in communicating the importance of ecosystem services to policy makers (Heal, 2000; Ludwig, 2000; Farley and Brown Gaddis, 2007; TEEB, 2008; Ash et al., 2009; Tallis and Polasky, 2009) . Economic valuation has been used to add to conservation efforts, to reinforce scientific and ethical reasoning (Balmford et al., 2002; Turner et al., 2010) , to make explicit the link with human wellbeing and development and to explore the potential for incentives like payments for ecosystem services (PES) (Wunder, 2005; Cowling et al., 2008; Ash et al., 2009; Daily et al., 2009; Wendland et al., 2009) .
The valuation of ecosystems and their services is supported by a growing body of literature on conceptual approaches, technical valuation methods and operational issues (Simpson, 1998; Turner et al., 1998 Turner et al., , 2010 Costanza, 2003) . Despite these advances ecosystems remain difficult to value given their complex behaviour, nonlinear responses and their potential to undergo irreversible change (Chavas, 2000; Ludwig, 2000; Norgaard et al., 2007) . The services they produce are also multiple and interdependent, and differ in terms of their ease of valuation (Turner et al., 2003) , leading to a risk of excluding or undervaluing key ecosystem services (Redford and Adams, 2009 ). Added to these concerns, and of central interest here, is the influence that the type and location of beneficiaries will have on the value calculated. The values people place on ecosystem services are considered to be highly dependent on social and environmental factors (Carpenter and Folke, 2006) . Valuation therefore requires an understanding of the spatial scales at which services are generated and flow, where benefits are realised and to which beneficiaries, to which components of their wellbeing, and taking into account the beliefs and value systems of the owners, managers and beneficiaries of ecosystem services (Turner et al., 2003; Hein et al., 2006; Wilson et al., 2006; Brauman et al., 2007; Chan et al., 2007; Norgaard et al., 2007; Tallis and Polasky, 2009) .
Whilst research and development in the field of ecosystem services has increased dramatically (Egoh et al., 2007; Daily and Matson, 2008; Daily et al., 2009) , the focus of these studies has not been evenly distributed across the world's different habitats and regions. Mesic biomes such as tropical forests and estuaries, and tropical biodiversity hotspots have received a disproportionally large amount of attention . Arid and semi-arid regions, typically those areas viewed as marginal in terms of biological productivity and ecosystem service values Naidoo and Iwamura, 2007) , with low human population levels, have received less. This is unsurprising given that ecosystem service research has emerged partly in response to the conservation crisis , with a focus on tropical hotspots and areas of large biodiversity losses which are seldom congruent with arid environments (Mittermeier et al., 2005) . The focus has also been on areas with existing data and knowledge (e.g. Wisconsin (e.g. Nelson et al., 2009) or California (e.g. Chan et al., 2006) ) which have rarely included arid regions. Furthermore, global studies which have incorporated arid regions into their analysis (Costanza et al., 1997; Sutton and Costanza, 2002) , have found these to be areas with a scarcity of services with some of the lowest associated ecosystem service values (Turner et al., 2007) .
However, some arid areas are home to unique fauna and flora, as well as vulnerable human populations, which may benefit from an ecosystem services approach to sustainable land-use management (Safriel et al., 2005; Reyers et al., 2009; O'Farrell et al., 2010) .This is the case in the arid Succulent Karoo biome in South Africa. The Succulent Karoo biome is a globally recognised biodiversity hotspot with highly endemic and threatened biodiversity facing increasing land-use pressures and climate change. The biodiversity of this region has received considerable research attention (Cowling et al., 1999a (Cowling et al., , 1999b Cowling and Pierce, 1999) . The area is also home to some of the most vulnerable people in South Africa with high unemployment and poverty levels (22e75%) (CSIR 2007) . Considering the significance and vulnerability of this area and the detailed level of biodiversity research already undertaken, the conservation community thought it worthwhile to explore the potential that ecosystem service assessment and valuation could provide in making a case for conservation, thereby complementing prior research activities. This could facilitate securing regional and national political support and resources for conservation, promoting sustainable land-use practices, possibly developing PES schemes, and raising awareness of the importance of ecosystem service and their linkages to human wellbeing in arid areas. Furthermore, as one of only two arid biodiversity hotspots in the world (Mittermeier et al., 2005) the Succulent Karoo also represents an extreme case of ecological and social vulnerability (Safriel et al., 2005; Fisher and Christopher, 2007; and a unique opportunity to test some of the learning and approaches to assessing and valuing ecosystem services outside of temperate and tropical biomes. Finally it also provides an opportunity to test and possibly challenge Turner et al.'s (2007) claim that specialised conservation approaches beyond those offered by ecosystem services, are required for this arid region.
This study follows on from a biophysical assessment of the ecosystem services of the Succulent Karoo biome (see O'Farrell et al., 2010) and has as its objectives: the production of spatially explicit economic valuations of the biome; an improved understanding of the links between ecosystems, value, service scarcity, and human wellbeing in an arid context; an investigation of the potential of these valuations to promote conservation actions; and finally, to highlight some of the learning generated in undertaking this conservation sector requested assessment and to provide suggestions and direction for enhancing economic valuation within the context of ecosystem service assessment.
As is typical with many user demanded assessments of this nature, we were forced due to a lack of time, adequate data and funding to adopt a highly pragmatic approach to valuing ecosystem services. We blended economic valuation techniques with financial analysis techniques, used financial values as proxy values for ecosystem service values where applicable, and undertook multiple valuation approaches for single services. Using these approaches we generated potential ranges of ecosystem services values for selected services instead of trying to provide single best estimates. State of the art economic approaches focussed on generating consumer surplus-based marginal values, ecological production functions, models of future supply and demand and consumers willingness-to-pay, would take years and incredible funding to deliver narrower ranges and possibly more theoretically valid figures. Our aim therefore was not to come up with a single "right" value, but rather to foster understanding and awareness of arid systems and their ecosystem services.
The Succulent Karoo biome
The Succulent Karoo is an arid biome is situated in western Southern Africa, and covers 111,000 km 2 , and is the forth largest biome in Southern Africa . It is the most diverse arid environment in the world having exceptionally high levels of biodiversity among plants, reptiles and invertebrates, birds and mammals (Cowling et al., 1999a; CEPF, 2003; Desmet, 2007; SKEP, 2008) . The topography is flat and gently undulating, disrupted by hills in places. The biome can be divided into five broad physiographic regions with the northern region divided into coastal plains and mountains, the south central region divided into mountains and plains, hills and lowlands, and the eastern most region all being distinctly separate . The altitude varies from sea level to 1500 m, but most lies below 800 m . Rainfall is regarded and highly predictable and mostly cyclonic falling during the winter months between April and September and varies between 100 and 300 mm per year, with and average of 170 mm . This rainfall gradient increases from west to east and from north to south. Despite being one of the least economically developed and populated regions in South Africa with only 312,000 people (mean population density of 3.76 people/km 2 ), it is under pressure due to mining, irrigated cultivation in some areas, overstocking of livestock. Furthermore, projected climate change is arguably the greatest threat to this region (Hoffman and Ashwell, 2001; Hewitson and Crane, 2006; Keay-Bright and Boardman, 2006; Rouget et al., 2006; MacKellar et al., 2007; Thompson et al., 2009) .Under conditions of climate change, rainfall in the western and northern regions are expected to experience the largest decreases in the biome (MacKellar et al., 2007) . Extensive livestock farming is the primary land-use activity as irrigated agriculture is limited and confined to those regions with suitable soils and relatively reliable water supplies.
The above mentioned threats affect not only the ecological systems but also the social and economic systems of the region. It is home to some of the most vulnerable people in South Africa who depend directly on a variety of natural resources for much of their livelihoods and ultimate survival (James et al., 2005) . The people of Nama origin who live on communal lands here are at the extreme of this dependency and are, therefore, very vulnerable to fluctuations in services. The percentage of the population below the mean living level, the minimum household income required to meet basic needs (Statistics South Africa, 2007) , is about 27%. The situation appears to be worsening as the labour dependent agricultural industry transitions to a more tertiary sector focus and the mining industry adopts labour reducing practices to remain globally competitive. As a result out-migration as well as social grant dependency is increasing in some parts of the region (CSIR 2007) . This creates a unique suite of developmental challenges, requiring the adoption of more appropriate land-use strategies and alternative ways of living and sources of fulfilling livelihoods. One of these options in the region is tourism which is seen as a significant economic growth opportunity because it creates employment at a variety of skills levels as well as creating many business development opportunities such as accommodation, tour guiding, transport, marketing and crafts. Tourism in the biome has become a more dominant economic activity in recent times associated with spring flower displays, undeveloped landscapes and conservation areas (including transfrontier parks).
Ecosystem service assessment
As is often the case in conservation and ecosystem service assessments, ecological boundaries seldom overlap with administrative boundaries. In attempting to circumvent this issue which has become known as the modifiable areal unit problem (Jelinski and Wu, 1996) , we used the Succulent Karoo biome as defined by , to identify the municipal districts within the Succulent Karoo, as well as the proportional contribution this biome makes to the area of each municipal district ( Fig. 1 ). All socioeconomic data relevant to this study have been collected at the municipal district level. This aggregated data is fairly coarse and introduces issues of scale which are irresolvable in a study of this nature. A total of 21 districts containing varying areas of the Succulent Karoo biome formed the basis of this study, 10 of which include high priority conservation areas identified by SKEP (2003) (see Table 1 ).
Based on literature, stakeholder interviews and expert workshops we identified multiple beneficiary groups associated with a variety of services from the Succulent Karoo (see O'Farrell et al., 2010) . These beneficiaries varied from local communities using natural vegetation for grazing and medicines, to researchers at Universities outside of the biome who study the unique flora of the region. Using a prioritisation system of importance to the vulnerable beneficiary groups, relevance to the region's socio-economic development and links to ecosystem integrity and therefore conservation, we focussed our ecosystem services valuation on the services associated with water, grazing and tourism (O'Farrell et al., 2010) . The primary beneficiaries of these services were identified as farmers and farm workers for the grazing service; local town and settlement residents, their municipalities and industries for the water service; and both tourists (predominately urban dwellers outside of the region) and tourism operators and employees for the tourism service. A detailed biophysical analysis of these services is provided by O'Farrell et al. (2010) .
In order to explore the links between ecosystems services, human wellbeing and the potential for using economic valuations to promote conservation actions we adopted a variety of practical approaches to the valuation of each service. We present a range of values (possible upper and lower values), and display the results in four different ways. gross economic value summed for a district divided by the population for that district (based on the proportional area of the Succulent Karoo biome in each district). This measure represents the value of the ecosystem service relative to the total value being generated by an individual in the economy.
Value of the grazing service
The natural vegetation of the Succulent Karoo region has been used for its grazing services for the last 2000 years (Deacon et al., 1978; Smith, 1983) . Whilst the indigenous pastoralists employed strongly seasonal practices, moving livestock between biomes, colonisation and changes in land tenure practices constrained livestock movements in the last 2 centuries leading to sedentary grazing and degradation of this service (Archer, 2000; Beinart, 2003; . Overstocking with a variety of livestock types has further compounded this degradation leading to changes in vegetation community composition (Todd and Hoffman, 1999; Anderson and Hoffman, 2007; Thompson et al., 2009 ). Grazing services are now more tightly coupled to rainfall, predisposing farmers to greater risk, decreased production and higher mortality rates under drought conditions (Anderson and Hoffman, 2007; Richardson et al., 2007) . Determining grazing services values allows for more informed decision making, and potential leverage in steering grazing practices towards sustainability.
We valued grazing, the largest and single most important input required for the extensive livestock industry in the Succulent Karoo, as equivalent to the gross production value of livestock. We decided to adopt this approach rather than a marginal approach to the valuation which we considered to be equally flawed as it assumes a given profit level for a farmer, with the magnitude of this assumption having direct impact on the final value of the service. We converted the 2002 National Agricultural Census count data (Statistics South Africa, 2002) for all livestock -beef cattle, sheep, goats and ostriches -to numbers of large stock units (LSU) by means of the daily metabolic energy demand for a homogenised or 'typical animal' based on the following formula 293 kJ/kg 0.75 (Van der Merwe and Smith, 1991) where an LSU is taken as a 450 kg heifer. All animal numbers were converted to the number of LSUs per magisterial district. A representative price for LSUs was calculated for each magisterial district by means of proportional abundance across the different animal types.
In developing a practical broad understanding of the value of this service we adopted three different approaches in estimating the value per unit of the grazing service, contrasting non-sustainable with sustainable grazing practices. The first approach drew on the 2002 Agricultural census stock counts as a basis from which to multiply the proportional price per LSU with the real or actual number of LSUs per district to obtain a derived value for the district. This scenario reflects the prevailing non-sustainable situation highlighted above (we call this the REAL scenario). The second approach took recommended long term sustainable stock rates from Scholes (1998) in km 2 /LSU, and multiplied these with the representative LSU price to derive the recommended value for each district assuming that grazing was the only land-use practice (we call this the SUSTAINABLE scenario). Our third approach estimated the substitution or replacement value of grazing via a drought relief-support scenario of the current or real situation (we call this the SUBSTITUTION scenario). We estimated this by adopting the South African Department of Agriculture's recommended drought relief diet of 0.25 kg of maize and 1.75 kg of lucern per small stock unit per day (Van der Merwe and Smith, 1991) . This third scenario is equivalent to measures undertaken during emergency drought conditions in this area and represents the substitution value of natural vegetation as fodder, but also presents a value estimate of expected losses if overstocking continues and eventually requires farmers to provide livestock with an alternative food source to natural vegetation. This scenario is not feasible over the long term, but it provides a necessary possible upper level value for the grazing service here. At current market prices, which have historically been stable for maize ($ 275/t) and lucern ($ 175/t), an LSU (Table 1) , which can be interpreted as minimum values for this service. Here the value from the hypothetical sustainable grazing scenario is higher that the real scenario as it considered the entire biome as having grazing potential. In reality areas may not be used for livestock production. The value estimate derived from the grazing substitution scenario, was significantly larger at $ 115 million for the biome e the maximum value. This scenario produced the highest values for all of the districts assessed in the Succulent Karoo (Table 1) . We have a high degree of confidence in this figure since it is based on a legitimate fodder replacement value but recognise that is could not be realised in practice.
Comparing proportional annual values at a district level with $ per km 2 estimates, those districts with the highest values (Calvinia, Namaqualand) fall to middle and lower order estimated respectively. The difference in grazing values per district is the outcome of significant variation in both the absolute value estimates (i.e. intermethod comparisons) and the relative values (i.e. inter district comparisons). The values per unit surface area provide low estimates for grazing services; however, these services are vital for those individuals whose livelihoods depend primarily on their livestock. The potentially misleading nature of these values becomes apparent on examination of the per capita values for the grazing service (Table 1) which implying almost no value at the individual level. All three methods show that the grazing service is an important economic component in the Succulent Karoo, especially for districts with low potential for intensive agriculture (e.g. Calvinia, Sutherland and Steytlerville).
Whilst we acknowledge that degradation is a highly complex and contested issue (Gillson and Hoffman, 2007) , there is sufficient evidence that excessive demand and sustained heavy grazing has damaged the natural capital of the area and the services that flow from it (Reyers et al., 2009) . REAL grazing scenario values can be expected to fall over time as degradation continues, resulting in lower stocking rates or higher input costs. The high values of the SUBSTITUTION scenario may resonate with beneficiaries of this service, given that they follow such a strategy under conditions of drought. Without any changes to land-use practices and under continuing conditions of climate change degraded areas are likely to become less productive, with the plants experiencing greater stress due to increased air and soil temperatures, decreased soil moisture availability and the continued loss of moisture, organic matter and nutrients from the system. Reversing these effects is extremely difficult, and requires returning nutrients and organic matter to the system and re-capturing the rainwater and reducing stocking rates. High restoration input costs relative to livestock profits are also likely to make large scale restoration activities difficult and unfeasible (Herling et al., 2009) . Considering the relative importance of this service to many beneficiary groups (many of whom are very vulnerable) this is an enormous concern for the region's future.
Value of the tourism service
Understanding tourism as an ecosystem service requires the identification of the biodiversity, ecosystem and landscape features or assets that drive tourism (tourism value attributes) as well as the socio-economic features that drive its promotion and development. This has been both locally and internationally recognised as extremely difficult to achieve Shackleton et al., 2008) . This is particularly the case when the tourism service is multidimensional and not one-dimensional like bird watching or scuba diving . Placing monetary values on these assets in a valuation exercise provides a further challenge.
Our objective was to assess the relative value of ecosystem service delivery to the tourism industry. In doing so we estimated the financial value of key tourism service features as a proxy value for the ecosystem service. Tourism services in the Succulent Karoo biome are characterised by 'flower viewing', 'scenery' and the 'remoteness' of the region. This division was largely based on climate conditions across the study area (see O'Farrell et al., 2010) . None of these services are directly captured by formal markets, and hence there are no market prices for these features. We were therefore unable to use the same approach we adopted in assessing grazing services for the extensive livestock industry. Instead, we used tourist expenditure, measured as the total daily expenditure (TDE), as the basis for estimating the value of tourism as an ecosystem service in the biome. We applied the TDE profile as developed by Thornton and Feinstein (Thornton and Feinstein, 2003) for the adjacent Western Cape region of South Africa. This profile breaks TDE down to five different categories: transport 42%, accommodation 22%, food and drink 24%, entertainment 8%, other 4%. We used an average TDE of $ 80.25, from four tourism valuation studies that had been conducted in the broader Succulent Karoo biome (Thornton and Feinstein, 2003; Turpie and Joubert, 2004; Blignaut et al., 2006; James et al., 2007) . These values reflect actual expenditure of tourists in the Western Cape. The average value obtained may be seen as maximum estimate for TDE. These values were multiplied with the average number of bed nights (5.2 bed-nights based on Thornton and Feinstein, 2003; Turpie and Joubert, 2004; Blignaut et al., 2006; James et al., 2007) , to obtain an estimate of the total expenditure per tourist per year.
Given the heterogeneity of the Succulent Karoo, a variety of features attract different types, and varying numbers of tourists at different times of the year. We could not assume (as in the case of TDE) that all districts were equally important in terms of relative attractiveness for tourists. We divided the Succulent Karoo into two attraction categories, 'flower viewing' and 'scenery'. Five of the 21 districts were categorised as 'flower viewing' districts while 13 districts were categorised as 'scenic' areas (see Table 2 ). Three districts (Laingsberg, Sutherland, Steytlerville) were excluded from the analysis as they did not lie along any major scenic tourism route; nor could they be classified as flower viewing areas.
Visitor numbers for the 'flower tourism' region were estimated at 21000 pa, based on two regional studies (Turpie and Joubert, 2004; James et al., 2007) , and data provided by a regional tourism office. Visitor numbers for the 'scenic tourism' region were based on the number of visitors to a popular scenic attraction (the CangoCaves in the Oudtshoorn area) which receives 400,000 visitors per year. This attraction was used as a proxy given the central location of this feature in relation to the main tourism route, the nature of this route and the local fame of the attraction. The total annual tourism value for each tourism category was obtained by multiplying the TDE, bed-nights and number of tourists per year. We obtained an annual value of $ 8.9 million for the 'flower viewing' region, and $ 167 million for the 'scenic' tourism region.
Large areas within the Succulent Karoo receive very few tourists, and a great deal of this region is not visible from favoured tourism routes. In translating tourism values into spatial units only areas visible from roads, or viewsheds, can be used to calculate the total tourism value for a particular district (Reyers et al., 2009; O'Farrell et al., 2010) . Based on the approach adopted by Reyers et al. (2009), we restricted viewing distances to a 10 km zone along the primary and secondary road networks for areas within the Succulent Karoo biome (see O'Farrell et al., 2010) . Viewshed areas were used to convert TDE values to $/km 2 values. Estimates of $ 166/km 2 for the 'flower tourism' category and $ 6799/km 2 for the scenic tourism' category were generated using this methodology. These values were multiplied with the viewshed areas of the districts within each category to obtain the districts' total annual value of the tourism ecosystem service value (Table 2) . Values were also calculated on a per capita basis ($ per capita) ( Table 2) .
The results for viewsheds alone indicate significant differences between the value of flower viewing and scenic tourism with total values of $ 2.2 million and $ 19.5 million respectively (Table 2) . However these are not necessarily comparable as they cater to different categories of tourists.
Substantial variation in the estimates for flower tourism and scenic tourism was also evident when examined using a $ per capita approach ( Table 2) . The mean per capita value for flower tourism was $ 1.6, while for the scenic tourism the equivalent was $ 10.7 per capita per year. These figures give an indication of the potential of this service to alleviate poverty and diversify livelihoods. The potential is explained when compared to the gross value added (GVA) per district. The values as a percentage of the GVA show much the same patterns. The scenic tourism service has much higher values both per capita and as a percentage of the district GVA. Districts with lower than anticipated percentage of GVA per capita values, were attributed to both larger relative population sizes and a greater diversity of economic activity. The per capita values presented provide an inaccurate picture as only a portion of the population is involved in tourism. Per capita values would be much higher for those engaged in this industry but these numbers are not known.
Our approach and analysis demonstrates both the critical need for better tourism service related data, and the possible or future potential of the tourism industry in improving human wellbeing, diversifying available livelihood options and reducing vulnerability. The number of tourists to a region, and to what degree they engage with ecosystem system service assets, strongly influences the value of the tourism service. Conservative visitor estimates indicate that tourism is not as important as grazing in the Succulent Karoo in terms of value created. Studies in similar environments in Namibia have found that the broader social value of tourism-related ecosystem services is typically underestimated because the valuations do not (a) take into account the fact that employment in the tourism industry often benefits the poorest people most directly (through employment as guides or in accommodation) and (b) that wildlife farming benefits can exceed those from conventional livestock farming (Barnes and Humavindu, 2003) . These beneficiary groups can however, be vulnerable to changes in the supply and demand for the tourism ecosystem service.
Our approach was not geared towards capturing the effects that a change in the amount of tourism service features (changes in the number of flowers and change in scenic landscapes) would have on the value of this service. Whilst we have little understanding of this relationship we do know that the supply of annual flower displays which drives demand in parts of our study area is directly coupled to the rainfall in these regions. Annual plant species displays which are the key biodiversity feature, are directly cued by rainfall (Van Rooyen et al., 1990) and decreases in the size of and probability of flower displays are highly likely to result in a decrease in flower tourism to the region (James et al., 2007) . Dry years result in poor flower displays and low numbers of tourists. In these years the more vulnerable beneficiaries of this service, those involved in the tourism industry, are severely affected. Furthermore, climate change predictions for this region anticipate decreased rainfall threatening the long term supply of this service (MacKellar et al., 2007) . Further constraints to tourism development such as escalating transport costs (Succulent Karoo destinations are remote from major population centres) and, in particular, water demand and supply, also closely coupled to climate change, are discussed in the following section.
Value of the water service
Water is the limiting resource for semi-arid and arid systems like the Succulent Karoo biome. It controls and constrains all Table 2 Value estimates for tourism as an ecosystem service in the Succulent Karoo as defined by the flower viewing region and the scenic region, and based on the area of the viewsheds. Total annual value, Per capita value estimates and ecosystem service flow values expressed as a percentage of GVA (Gross Value Added) per capita are presented. Highlighted districts are conservation priority areas. aspects of life in the region from primary production in ecosystems through to the future economic development potential of the area. Despite its importance there have been few detailed studies of the hydrology of this region. The natural flows in the river systems of the Succulent Karoo are highly erratic with marked temporal and spatial variability even in the larger rivers (Görgens and Hughes, 1982) . The valuation of water is complicated by its fundamental role in sustaining all life. The upper level value of water is, therefore, the value of life which is generally viewed as having cultural and moral dimensions which make reducing it to a monetary value, or price, highly controversial. The valuation of water is further complicated by the fact that little consensus exists on the appropriate method for estimating the value of the water service and the public goods nature of many benefits derived from water (Blignaut & De Wit, 2004; Birol et al., 2006; United Nations, 2006) . One approach in determining price is to use market prices or, preferably, marginal values to deduce a price; however the inelastic demand for this resource makes this type of approach invalid (Nieuwoudt et al., 2004) . A further suggested approach to deriving an economic value is to estimate how much value is added per unit of water. This can be relatively easily estimated for agricultural products where there is a market and the water inputs are reasonably well understood so the returns per unit of water can be calculated (e.g. Hassan and Okbrich, 1999; Lange et al., 2007) . But measuring water's contribution to all sectors, to the total value chain of a good or service, or its total economic benefit is far more complex (Hassan and Okbrich, 1999; Crafford et al., 2004; Nieuwoudt et al., 2004; Moolman et al., 2006; United Nations, 2006) . Furthermore such analysis should also include the demand for water from the ecosystems themselves. An analysis of this kind for the Succulent Karoo is potentially feasible but was beyond the possible bounds of this study.
We calculated an upper and lower estimate for the value of water in the study area based on two approaches. We adopted a cost recovery approach (Lange and Hassan, 2006) in determining a minimum estimate for the value of the water services of the Succulent Karoo which excludes any benefits or value derived from that water, and ignores the role that ecosystems play in the supply of water. In addition to this method we estimated the total value of the economy (GVA) as an indication of the upper value of the water services, and therefore includes those benefits and the ecological role that it plays excluded by the cost recovery approach. We acknowledge that attributing GVA to water when water is only one of several inputs is incorrect; the GVA is derived from several inputs and will, therefore, overestimate the value of water. Using the GVA also involves double counting where for example water is valued for the grazing it provides to livestock and the livestock sales are reflected in the total GVA. However, water is arguably the one input without which there would be no economic activity so the GVA per unit of water is arguably closer to the upper bound of water's economic value to society than the cost of water provision.
The cost recovery approach value estimate was based on a unit reference value (URV) for water provisioning multiplied by the volume of water (annual yield) of the supply infrastructure. Infrastructure includes formal infrastructure used by water user associations and municipalities, and informal infrastructure like private boreholes or even communal water supply mechanisms. We defined the URV as the present value of all costs (PVC), divided by the present value of all of yields or savings and benefits (PVB) incurred over the economic life span of the water supply infrastructure. Total yield is estimated by multiplying the expected annual yield with the supply scheme/infrastructure life span. This value is presented in a volumetric unit ($/m 3 ) and is considered to be a minimum estimate of the relative value of water. URV is therefore a reversed benefit cost ratio (BCR), (BCR ¼ 1/URV). This value should only be used for comparing the different water supply alternatives in the same region, since the actual values of a unit of water vary widely in the different areas and the accepted cost per m 3 will differ as well. In addition the URV is heavily dependant on the consistency of counting all the different cost and benefits that occur over the set life span of the supply scheme, which is debatable too.
We extracted data from a provincial survey (De Lange, 2006) on water user associations in the Western Cape to obtain estimates regarding tariffs and volumes relevant to our study area. The survey excluded the City of Cape Town metropolis, but still represented 53.1% of all municipal and agricultural water use in the Western Cape (De Lange and Kleynhans, 2007, 2008) . Cost data relating to the type of bulk supply infrastructure, source of supply, number of members, enlistment, types of user and annual tariffs were obtained from water user associations relevant to our study area (De Lange, 2006) . A distinction was made between serviced and raw water, with the former being significantly more expensive because of additional built in services (filtration, chlorination, stabilisation and pressurisation). Borehole water was handled separately. Cost estimates for each source were based on survey data and reconciled with unpublished estimates from the Western Cape provincial department of Agriculture's engineering services unit (De Lange, 2006) .
We calculated from the survey data (De Lange, 2006 ) that 85.3% of the surface water consumed in the study area is sold as raw surface water at $ 0.018/m 3 while the remaining 14.7% is supplied as serviced water at $ 0.674/m 3 . Ground water was supplied at $ 0.106/m 3 as raw water. The weighted average (volumetric weighted) cost recovery value of surface water was $ 0.115/m 3 for the survey. These estimates were multiplied with annual surface and ground water yield estimates obtained at quaternary catchment level. Values are also expressed on a per capita basis.
We valued water for the Succulent Karoo to range approximately between $ 300 million and $ 3.1 billon using the cost recovery and GVA approaches respectively (Table 3 ). The cost recovery method results in substantial values being attributed to areas with formal water supply systems (Table 3) . Districts with high usage of water for irrigated farming stood out (Worcester, Clanwilliam, Ceres). When the GVA is used as the value basis, the districts with the largest economies emerge with the highest water values (George, Worcester). Districts with the lowest values are found in either the driest regions (Namaqualand) or in the weakest economies (Laingsburg). Again, there is significant variation in both the absolute and relative value estimates provided by the two methods.
The mean per capita value for water using the cost recovery approach was $ 458, while the GVA approach yielded $ 3283 per capita per year. The per capita cost recovery basis, identified a different set of districts with the highest water values (Ceres, Clanwilliam, Laingsburg, Sutherland, Calitzdorp) (Table 3 ). This differs from the distribution of the total annual value and the unit area values. Examining the GVA per capita values, again yielded a different suite of districts with the highest values (Vredendal, Worcester, George, Swellendam) and the lowest values (Prince Albert, Willowmore). When the cost recovery is expressed as a percentage of the GVA, yet another combination of districts emerges as deriving the most value from water on a per capita basis (Laingsburg, Ceres, Clanwilliam, Prince Albert Districts) and the least on a per capita basis (Swellendam, Vredendal, George).
None of these statistics expressed in our approach highlights the problems of the limited water resources very effectively, as they are all a function of the volumes of water available. What is important is not the absolute value, but what proportion it represents of the total available and the total demand, and how sensitive the amount available is to variability in rainfall and the state of the land and ecosystems (Le Maitre et al., 2007a) . In the Succulent Karoo the demand exceeds the amount available and the amount is very dependent on rainfall, especially during extended droughts (Le Maitre & O'Farrell, 2008) . Despite the discrepancies between valuation methods and approaches it is clear that even if we are considering only minimum values, the water services make a substantial contribution to this region, especially in contrast to the values estimated for tourism and grazing.
Water service values generated in this study have potential to advance sustainable land management agendas in the districts for which high values exist. Water services also play an overarching role in determining many other services related to the agricultural economy of an arid system including soil conservation and nutrient cycling, and in turn, the services of primary production and water provision (Safriel et al., 2005) . Therefore promoting catchment integrity to maximise water flows would see the sustainable management of grazing, and in turn the preservation of key ecological elements such as vegetation and soil crusts integrity (Belnap and Lange, 2003) , and these in turn are likely to also tie in closely to other regulating and provisioning services (Le Maitre et al., 2007a; Reyers et al., 2009) . Increasing population and economic growth will increase demand for this service, however supply, already constrained is most likely to decrease, and innovative approaches to demand side management of this services will become vital in the future.
Valuation for conservation and sustainable management
As Redford and Adams (2009) point out the conservation community is increasingly reliant on the concept of ecosystem services as they try to make a case for the importance of nature and its conservation to a sceptical audience of decision and policy makers. This study represents an attempt to enhance the conservation program in the Succulent Karoo biome with more information on the value of the biome to human wellbeing and economies.
In these cases one's hope to end up at the upper end of the valuation scale, where services have high value and can potentially compete with opportunity costs and other costs often associated with conservation. In these instances, and where spatial and institutional arrangements align, there would be potential for establishing PES and other incentive schemes to direct certain conservation land-use behaviours and practices. However, while the study area is certainly rich in unique fauna and flora, the same cannot be said for its ecosystem services. The Succulent Karoo biome ecosystem services values are at the lower end of the scale when compared with global studies such as Costanza et al. (1997) and Turner et al. (2007) , studies in other more mesic biodiversity hotspots (Wendland et al., 2009) , and even other studies in South Africa (see Le Maitre et al., 2007b; Blignaut et al., 2008) . It is important to note that comparisons are constrained by the diverse range of valuation methods used in the literature as well as the lack of studies carried out in other arid and semi-arid regions. These lower end values, which compare less favourably with the costs of conservation than in other parts of the country or world, make it more challenging to gain international and national support for conservation or to set up incentive schemes.
Despite their poor appeal at national and international scales, these regional assessments and valuations in arid areas are useful in that they allow for comparisons within a region, highlight the spectrum of services values and when communicated correctly can emphasise the need for careful management of these services. We discuss three ways below in which lower values in arid systems can still be useful in promoting conservation and sustainable management.
First, where there is congruence with conservation priority areas ecosystem services (even at the lower end of values) can add weight to the conservation case. In this study for example, the 10 priority conservation districts all stand out as having some of the highest values for one or more services. Whilst there is some variation dependent on valuation approach and the way the value is expressed, priority districts consistently appear in the top third of valuations. Of these conservation priority districts three (Worcester, Robertson, Oudtshoorn) are important in terms of their water service values (Table 3) , while seven (Calvinia, Ladismith, Oudtshoorn, Sutherland, Namaqualand, Vanrynsdorp, Vredendal) are important for their grazing service values (Table 1) , one (Namaqualand) for its flower-related tourism values and three (Ladismith, Calitzdorp, Oudtshoorn) for their scenic tourism values (Table 2 ). There is potential for conservation efforts in these districts to use particular ecosystem services to make their case (with the right communication tools) for more careful management and decision making. Second, as ecosystem services seldom respect administrative boundaries and ecosystem services in arid regions require careful management, regional level analyses can enable the development of agreements between administrative units regarding ecosystem service supply. This could lead to a district-level policy for the adoption of a PES scheme, where payments are made via a district or promoted by a district and paid by a third party like a conservation organisation to landowners for adopting sustainable landuse practices. For example land-use practices in districts in upper river catchments affect down stream users in other districts (Le Maitre & O'Farrell, 2008) . Inter-district level agreements are required to ensure understanding between service suppliers and beneficiaries in these cases.
Third, being able to depict where ecosystem services are provided, who benefits and by how much, can be quite powerful informers of land and resource use decision making. While the economic values of ecosystem services in arid areas may not be comparable to the value of other industries, decision makers especially in arid areas, are concerned about water, social development targets and vulnerable populations. By conducting an assessment of ecosystem service values in such a spatially explicit manner at the local land-use decision making scale, studies such as these have tremendous potential to inform decisions. In this case the water and grazing services, their value in the regional economy, and their declining state would be useful information for decision makers. The challenge now remains to find ways of mainstreaming this information into the tools and approaches used by decision makers (Cowling et al., 2008; Reyers et al., 2010) . In South Africa this would include the Spatial Development Framework e a spatial depiction of the future development trajectory of the region. Currently these instruments are constrained by inadequate data, lack of consultation and capacity challenges, but much of the work done in this pragmatic study would be possible in most parts of the country and would strengthen these planning tools significantly.
In conclusion, it would appear that the scale of approach is important. While a regional scale demonstrates significant use in land-use decision making as highlighted above, the national or international scale is less useful in land-use decisions, but potentially powerful in directing resources and political will. This is also evident when reflecting on the 'value' of a service where perceptions and values are likely to differ between, for example, national politicians and local farmers. Here the idea of how and where one chooses to 'bound' a study, and in turn what and whose perspective is being valued is evidently significant. Furthermore, such valuations should engage the audience that one is trying to influence (Cowling et al., 2008) .
Valuation implications for wellbeing
People living the Succulent Karoo, particularly those in communal areas and rangelands who have historically been marginalised, have low income levels (Berzborn, 2007; . While ecosystem service values may be low, there is a tightly coupled dependence between the people living in this region and the services provided by the region (James et al., 2005; Allsopp et al., 2007; Richardson et al., 2007) . For example, although grazing service values may be far lower than those in higher rainfall regions, the importance of this service to the lifestyle of people of the Succulent Karoo region goes beyond its economic value (Berzborn, 2007) .
In previous studies the link between human wellbeing and ecosystem services has been tied to areas with high levels and values of ecosystem services (e.g. Costanza et al., 1997; Ash et al., 2009) . Marginal environments, critical thresholds of service supply and the livelihood and cultural values of ecosystem services are not frequently included in many economic valuation studies. If we adopt the notion that people, wellbeing and ecosystem services are integrally linked, and our goal is to improve human wellbeing, then efforts should also be focussed on these topics and areas with high dependence on even the most marginal of services. Small changes to these landscapes and ecosystems, and the subsequent delivery of services, could have massive positive or negative implications for those dependent on these services.
This vulnerability to small changes in service supply, as well as the consideration of livelihood options in arid regions, provides two helpful avenues for further exploration. The first is the argument in favour of wellbeing or welfare payments linked to threshold levels of supply. Where sustainable management is critical for human wellbeing it raises the possibility for private and public funded PES scheme establishment, particularly those schemes linked to ecosystem restoration and even job creation (Wendland et al., 2009) . The case of the Working for Water scheme in South Africa is an example (van Wilgen et al., 1998) . When research demonstrated the water use of alien woody plants, particularly in areas of already constrained water availability, this public funded job creation program to remove alien plants was set up and has continued to grow in scope and investment . PES schemes can focus on any range of ecosystem service delivery or value and therefore have the potential to contribute to improved wellbeing. A limiting factor is the administrative costs associated with these schemes, which cannot but often does exceed service values, often necessitating public investment. Within the Succulent Karoo the supply of the water and tourism services is to a large degree controlled by the land-use practices of the farmers of this region. Approaches which reward farmers for adopting sustainable land-use practices and new practices which diversify away from a reliance on intensive grazing can increase the potential income achievable under such management regimes and are likely to have positive wellbeing and service spinoffs for this region (Le Maitre et al., 2007a; Le Maitre & O'Farrell, 2008) .
The second argument relates to valuing limited yet strategically important services. The valuation approach that we adopted, particularly the value per unit surface area, indicated that services such as the grazing service in the Succulent Karoo had little value. However, it may have very high value to the beneficiary whose livelihood, for example, depends primarily on their livestock particularly in times of hardship and limited options. Whilst we attempted to overcome these issues by considering per capita values, district level statistics are indiscriminate and service beneficiaries (especially small vulnerable populations) cannot be extracted for the total district population. An identified problem with using mean annual values is that in some cases areas of low ecosystem service supply have a critical role to play at certain times of a year for certain communities. These are typically in marginal and resource impoverished environments, where annual and mean value assessments fail to capture the strategic importance of a marginal resource. Key resource areas are areas which form a critical component of a resource use or land management strategy during a year (Illius and O'Connor, 1999) . Farmers have developed strategies to exploit specific resources at certain times of the year . Key resource areas are generally limited in extent and of value at specific times, given their ecology. Once incorporated into annual district level valuations, their critical role in maintaining lifestyles and land-use strategies is lost. Furthermore some areas of low ecosystem service values still provide a diversity of services, enabling communities to diversify their livelihood strategies and reducing vulnerability in hard times (e.g. engaging in tourism activities and livestock production) e here it is diversity rather than amount per service that matters (Berzborn, 2007; O'Farrell et al., 2007) . This is significant because it reduces vulnerability in an area of low economic activity and low per capita incomes. Evidently our adopted approach fell well short in recognising important services, valuable service areas, and broader societal 'value'. Approaches such as those focussed on inclusive wealth and the use of resilience measures show promise in filling this gap (Walker et al., 2009) . Returning back to the points made about the scale of assessment and valuation, the findings of this study make a strong case for detailed household-level, service-dependence assessments and valuation (Shackleton and Shackleton, 2006) . Generating an understanding of demand and supply of a service, as well as understanding the implication of changing services, at a local level, would be highly informative.
Need for improved tools
This study points to the need for better links between ecological knowledge and social science tools where understanding is integrated. Indicators which measure both ecological function and human wellbeing need to be developed so as to allow for more accurate assessment and in turn monitoring into the future, especially within the context of potential PES schemes. If we are to proceed towards sustainable land-use practices with ecosystem services integrated into land-use and development plans, then socio-economic data collection needs to be informed by ecosystem service assessment requirements. This will also allow for marginal analyses approaches in the future. We need to improve our data capture, valuation and reporting tools, so that the nuances and the detail of service supply and benefit are not lost. We also need robust ways of capturing the non-monetary values that are critical to the sense of identity and belonging that underpin the social structures and cohesion that are needed for individual and communal human wellbeing. Finally, we need some consensus on data, methods and approaches for pragmatic valuation approaches which do not require massive amounts of funding nor take years to be completed, if valuation exercises are to feed into formal PES schemes and other conservation and wellbeing tools where such huge ranges in numbers would be problematic.
